• Participants were equally likely to report feeling that their health problems burdened their partner and were glad that their partner is understanding.
The onset of MS usually occurs in early adulthood at a time when many long-term relationships are established between individuals [5] . Previous studies have shown that the burden of the physical and psychological effects of MS can have a profound impact on couples and their relationships over time [5, 6] .
This study examines the impact of a diagnosis of MS and how MS symptoms such as fatigue, pain and mobility limitations can affect interpersonal relationships with spouses or partners, children and close friends. These data were also evaluated in comparison with results of a separate study of relationships in people with fibromyalgia, a chronic disabling condition that is characterized by similar symptoms, including fatigue, pain and mobility difficulties [7] .
Participants & methods Data were collected through an online survey hosted by MultipleSclerosis.net that was available from 9 September 2013 to 13 December 2013. Prior to initiation of the survey, the study was reviewed and approved by a local Institutional Review Board. Participants were informed about the voluntary nature of the survey, information being collected, anonymous nature of data collection and the expected time for survey completion. No personal identifiers were collected or stored with the data.
Recruitment
Potential participants were recruited as a convenience sample. Links to the survey were posted on MultipleSclerosis.net and the MultipleSclerosis.net Facebook page. MS affects more than 913,000 individuals in the USA and more than 2.3 million individuals worldwide [8, 9] . Participants were eligible for the survey if they were at least 18 years old and had previously received a diagnosis of MS from a neurologist. Electronic data collection was conducted through SurveyMonkey R , with data protection provided through its security measures. After reviewing information about the nature of the survey, participants were provided with the survey, which consisted of up to 54 multiple choice questions and an optional free-response item. Responses were completely anonymous, with no identifiers collected; however, participants' IP addresses were used to ensure that the questionnaire could only be completed once by any individual. Duplicate entries were avoided by preventing users with the same IP address from accessing the survey more than once during the study period.
Data collection
The survey included demographic questions and questions about the effects of MS on relationships with spouses or partners, other family members and close friends. The survey also included standardized assessment measures for MS disease status, walking ability, fatigue impact, pain effect, pain levels, anxiety and relationship satisfaction, along with ratings to assess the impact of MS on lifestyle and relationships. The survey did not include a question asking type of MS. The final question was an optional, free-response item in which participants were invited to share additional observations or concerns about how MS may affect their relationships.
Multiple sclerosis disease status was measured using the Patient-determined disease steps (PDDS) scale, an ordinal rating scale for self-reporting functional disability in MS [10, 11] . Patients with MS were to select from nine items; the classification that best represented their level of disability, which was then scored into a level of disability. The 12-item Multiple Sclerosis Walking Scale (MSWS-12) is a validated self-reporting measure used to assess the impact of MS on walking [12] . Patients with MS rated each item on a scale from no limitation (1) to extreme limitation (5), and ratings were converted to scores that were then summed. The higher the score on the MSWS-12, the greater the perceived impact of MS on a patient's walking ability.
The five-item version of the Modified Fatigue Impact Scale (MFIS-5) was employed to evaluate fatigue impact. In the MFIS-5, patients with MS self-rated, on a scale of never (0) to almost always (4), how often their fatigue may have affected them in the past 4 weeks [13] . The ratings were then converted to the numeric score and summed. Higher scores indicate greater levels of fatigue impact, with possible range of scores from 0 to 20.
Two measures were employed to assess pain, a variation of the Numeric Pain Rating Scale (NRS) and the Medical Outcomes Study (MOS) Pain Effects Scale (PES). The 11-point NRS employed in the study measured typical pain severity levels, ranging from 0 (no pain) to 10 (extremely severe pain). The PES is a six-item scale for assessing pain impact level, the extent that pain and unpleasant sensations have restricted the lives of patients with MS [13] . Patients with MS self-rated how much certain symptoms interfered with six different aspects of their lives in the past 4 weeks using a scale of not at all (1) to an extreme degree (5) . The ratings were then converted to the numeric score and summed. Higher scores indicate greater impact of pain on the mood and behavior of a patient with MS, with a possible range of scores from 6 to 30.
For gauging relationship satisfaction, the Relationship Assessment Scale (RAS), a seven-item validated measure of relationship satisfaction, was employed [14, 15] . Each item is rated on a scale from low (1) to high (5) satisfaction. Items 4 and 7 are reverse scored; values for each item are summed and an average value is calculated. Lower scores represent less satisfaction with the relationship. The RAS is a useful screening tool to identify relationship problems that may occur for couples who are married or not married [16] . Relationship satisfaction was identified as satisfied for participants scoring RAS ≥4 and not satisfied for those with RAS <4. This cut-off has been previously used to identify relationship satisfaction [17] . The authors are not aware of previously reported studies applying the RAS to couples with a partner with MS.
To measure depression and anxiety, the Patient Health Questionnaire (PHQ-4), a four-item, standardized, ultrabrief mood disorder questionnaire was used. The PHQ-4 yields a total score (possible range: 0-12), a PHQ-2 score for depression (possible range: 0-6) and a Generalized Anxiety Disorder-2 score for anxiety (possible range: 0-6).
Data analysis
Participant demographics and question responses were evaluated using descriptive statistics. Responses to the PDDS, MFIS-5 and PES scales were converted to their numeric scale for applicable analysis. The numeric ratings on the NRS were classified into four pain severity categories: no pain (0), mild pain (1-3), moderate pain (4-6) and severe pain (7) (8) (9) (10) . Relationship satisfaction was identified as satisfied for participants scoring RAS ≥4 and not satisfied for those with RAS scores of <4. This threshold has not been applied in previous studies of MS but was used here because a score of 3 would represent average satisfaction and scores of 4 or 5 would represent better than average or good satisfaction. Using a cut-off value of 4 also appeared to be consistent with the previously mentioned report in which couples in general scored >4, on average, whereas couples in therapy scored <4, on average [14] . In our study, differences were examined between RAS satisfaction scores and participant demographics and MS symptoms.
Results
The survey was started by 1123 individuals and completed by 1010 adults who had been diagnosed with MS. A total of 109 participants were excluded from the final sample for the following reasons: three were younger than 18 years of age, 20 had not been diagnosed with MS and 90 did not complete the survey. Most participants were married females between 35 and 64 years of age (Table 1) . Potential depression and anxiety were each identified in about a third of participants.
The sample included participants from all levels of disability as measured by the PDDS and all four pain severity categories; most participants were experiencing moderate to severe pain (Table 2 ). Participants' walking ability (MSWS-12) had an average score of 36.7; those participants who were classified on the PDDS as using a wheelchair/scooter or who were bedridden were excluded from completing the MSWS-12. The average fatigue impact (MFIS-5) score was 12.9 and the average pain effect score (PES) was 17.6.
Impact of MS on current or previous relationships
Participants were most likely to select the option that having MS had no significant impact on their relationship(s) or the option that their relationship(s) became closer ( Figure 1) .
A total of 90 respondents (8.9%) reported that MS contributed to their relationship's ending; 28.0% shared their MS diagnosis when first meeting the individual and 22.0% shared when the relationship started, whereas 34.1% waited until they were into the relationship before sharing. A majority (61.1%; n = 55) believe that their partner ended the relationship out of fear that having a partner with MS would become a burden.
Current spouse or partner relationships
A total of 795 participants were in a relationship, and all had told their partner that they have MS. A majority of participants (66.3%) indicated that their MS began after their relationship started. However, of those individuals who had MS prior to their relationship, a majority (58.8%; n = 255) told the individual of their MS when they first started dating.
future science group www.futuremedicine.com Forty percent of participants reported that their spouse or partner understood the impact of MS on the participant; however, these participants also felt that they burdened their spouse or partner with their problems. The remaining participants felt that their spouse or partner understood the impact of MS and participants were glad about this (39.8%); that their spouse or partner did not understand the impact of MS and this made participants sad/upset (15.2%); or that their spouse or partner did not understand the impact of MS but that it was okay (5.0%).
A minority of participants had strongly negative perceptions of their relationship with their spouse or partner ( Figure 2 ). Nearly 25% of participants reported that their spouse or partner questions if their MS symptoms are real or as severe as they are. Similarly, only a minority believed that their spouse or partner felt they exaggerated their symptoms (18.8%) or accused them of being lazy or selfish (16.9%). Participants were more likely to disagree (53.2%) than agree (22.4%) with the statement that their spouse or partner resented the patient's inability to do things with them.
The RAS was completed by 777 participants, with an overall mean score of 3.9 and a median score of 4.1. Using the preassigned RAS categories, significantly more participants (n = 452, 58.2%) were satisfied with their current relationship (defined as RAS ≥4), than those who were not satisfied (RAS <4; n = 325, 41.8%; p < 0.0002). A significantly higher proportion of men than women were satisfied with their relationship (71.3 vs 56.2%; p = 0.0042).
Comparing participants who are and are not currently being treated with an MS disease-modifying medication, no difference was seen in the proportion of respondents who reported satisfaction with their relationships (59.4% of those being treated and 54.3% of those not being treated).
Regardless of disability or pain severity level, participants were typically satisfied in their relationships. Across all levels of the PDDS levels of disability, as well as the four pain severity categories, more than half of respondents reported relationship satisfaction (Table 3) . One exception was a slight dip in the proportion of respondent with moderate disability who reported relationship satisfaction (48.6%), though this was not statistically significant. We also observed a slight decline in relationship satisfaction with the increase in pain levels.
The average scores on the walking ability, fatigue impact, and pain severity level and pain impact scales were calculated and compared between two RAS categories ( Table 4) . The average fatigue impact score was significantly lower for satisfied versus not satisfied respondents (p < 0.03), and the average pain impact score was significantly lower (p < 0.0004) for satisfied versus not satisfied respondents. The average walking ability and pain severity scores did not significantly differ between the satisfied and not satisfied respondents. Relationships with children A total of 695 participants reported that they had at least one child who was old enough to understand MS. A total of 675 participants' children knew they had MS; these respondents completed questions about the impact of MS on the relationship with their children. A minority of participants had strongly negative perceptions of their relationship with their children (Figure 2) . A minority of participants reported that their children question if their MS symptoms are real or as severe as they are (21.2%). Similarly, only a minority believed that their children felt they exaggerated their symptoms (17.0%) or accused them of being lazy or selfish (16.7%). Participants were more Table 3 . Participants' relationship satisfaction category by level of disability and pain severity category (n = 777). likely to disagree (50.8%) than agree (30.2%) with the statement that their children resented the patient's inability to do things with them.
Level of disability (PDDS) Satisfied (RAS ≥4) n (%) Not satisfied (RAS <4) n (%)
Relationships with close friends A total of 806 participants reported that they had close friends. A total of 794 participants' close friends knew they had MS; these participants completed questions about the impact of MS on the relationship with their close friends. A minority of participants had strongly negative perceptions of their relationship with their close friends ( Figure 2) . A minority of participants reported that their friends question if their MS symptoms are real or as severe as they are (11.5%). Similarly, only a minority believed that their friends felt they exaggerated their symptoms (7.9%) or accused them of being lazy or selfish (4.0%). Participants were more likely to disagree (66.9%) than agree (12.7%) with the statement that their friends resented the patient's inability to do things with them. 
Relationship advice

burden to family and friends is a fear since I have always been very independent" "My husband is very supportive; however, I always feel like I'm a burden. Sometimes in his concern for me. he hovers over me and I have to tell him to let me try"
Having a good support system is beneficial "Friends are very supportive of my MS. They have been there since my divorce 13 years ago. They were already aware of my MS. Continue to get strength from them" "Friends understand and are more willing to give you a break then significant others are" "I am fortunate at my age that friendships and relationships are well established"
Impact on sex life "Less intimacy with your spouse leads to resentment on the part of the spouse that you cannot perform like you used to when you were a healthy 20-something" "MS has affected the sexual relationship I have with my spouse" "Sex is nonexistent and has been for 5 years"
Free responses A total of 471 participants completed the free-response question, and several themes emerged. The impacts of fatigue and of a perceived lack of understanding by others were commonly mentioned as barriers to participants' engaging in relationships with others. Participants also commented that they are unable to do the normal things that they once did, which has an impact on both their relationships with others and their own self-esteem. Participants reported feelings of isolation and deliberate avoidance of others because of their MS. Whereas a minority of comments described supportive relationships, particularly more so from friends, most free-response comments focused on the negative effects on family and social relationships (Table 5 ). These responses suggest that MS has a more detrimental effect on less intimate relationships than on close friends and family. It is possible to infer that the secondary effects of fatigue and pain, such as social isolation and the inability to participate in typical activities, limit acquaintances for people with MS.
Patients with MS & fibromyalgia sufferers
Analysis was conducted between this sample of 1010 adults diagnosed with MS and a sample of 6126 adults diagnosed with fibromyalgia that were included in a previous study [7] to examine similarities and differences between these two populations. Fibromyalgia, like MS, is a chronic disabling condition characterized by many similar symptoms such as fatigue, pain and depression. There were 777 participants in a relationship in the MS sample and 4647 in the fibromyalgia sample [7] . A total of 4576 participants in the fibromyalgia sample completed the RAS. The mean RAS score for participants with MS (3.9) was significantly higher than that for participants with fibromyalgia (3.7; p < 0.0001). Using the preassigned RAS categories, 452 (58.2%) individuals in the MS sample were satisfied with their current relationship (defined as RAS ≥4) compared with 325 (41.8%) who were not satisfied (RAS <4). In the fibromyalgia sample, 2265 participants (49.5%) were satisfied with their current relationship and 2311 (50.5%) participants were not Table 6 . Participants' description of spouse's or partner's understanding of their medical condition (fibromyalgia, n = 4617; multiple sclerosis, n = 777). satisfied. A significantly greater proportion of patients with MS were satisfied with their relationships compared with patients with fibromyalgia (p < 0.0001). Significant differences were seen between MS and fibromyalgia on the level of understanding of participants' medical condition by their spouse or partner for three of the four levels (Table 6 ). Participants with MS perceived their spouse or partner to have a deeper and more positive level of understanding than participants with fibromyalgia.
Level of understanding Fibromyalgia, n (%) MS, n (%)
Whereas a minority of participants from both samples had strongly negative perceptions of their relationship with their spouse or partner, participants with fibromyalgia were significantly more likely to have negative perceptions than participants with MS in the areas of resentment and symptom/pain exaggeration ( Figure 3) . When asked to rate their perception of whether their spouse or partner questions the severity of their MS or whether fibromyalgia is thought to be a real physical illness, MS participants were significantly more likely to have negative perceptions compared with participants with fibromyalgia.
A total of 675 participants with MS and 4341 participants with fibromyalgia completed questions about the impact of their condition on the relationship with their children. Similar to the spouse and partner relationship perceptions, participants with fibromyalgia were more likely to have negative perceptions than those with MS ( Figure 4) . Significantly more participants with fibromyalgia than MS agreed with the statements that their child/children resent when the participant is unable to do things with them or think that the participant exaggerates symptoms/pain.
A total of 794 participants with MS and 4361 participants with fibromyalgia completed questions about the impact of their condition on the relationship with close friends. On all four perception ratings, participants with fibromyalgia were significantly more likely to have negative perception ratings of their relationships with their friends than participants with MS ( Figure 5 ).
Discussion
Individuals with MS at all levels of disability and degrees of symptom impact were represented in this convenience sample. Participants were equally likely to report feeling that their health problems burdened their partner and were glad that their partner is understanding.
Few participants had strongly negative perceptions of their relationship with their romantic partner. Participants reported satisfaction with their current relationship more often than not, regardless of pain severity and at almost every level of disability. Less than a quarter of participants felt that their partner resented their inability to participate in activities. Nearly 80% of respondents agreed with statements indicating that their partner understands the impact of MS.
Despite this high level of understanding from their partners, many participants indicated by their multiple choice answers and free responses that they feel like a burden. Such feelings may explain the dip in relationship satisfaction among patients with moderate disability. A total of 48.6% of people with a PDSS indicating moderate disability reported that they were satisfied with their relationships compared with 61.4% of people with no relative disability.
As individuals with MS transition from mild to moderate disability, they likely become more dependent on their partners, and couples may face challenges navigating changing family roles. Indeed, previous studies of couples have demonstrated the profound effect of MS on couples as they adjust to the illness over time [5, 6] . One study of 160 couples evaluated distress and positive adjustment in both partners [5] . The results showed decreases in positive effect and perception of relationship quality over a 12-month period. Findings from another study showed that as disease severity increased, patients were less likely to continue gainful employment, maintain social contacts and continue leisure activities [6] . In 57% of cases, the professional careers of the patient's relatives were also affected, and the standards of living declined for 37% of patients and their families since the MS diagnosis. Nevertheless, no increase in divorce or separation was observed in this study population. Indeed, one comparative study showed no difference in relationship variables (e.g., relationship satisfaction, feeling intimate, respected or understood; total relationship quality) between couples with and without MS [4] . It is heartening that, in our survey, the majority of respondents with the greatest disability and most severe pain report being satisfied in their relationship. In the present study, the factors that were significantly associated with relationship satisfaction were lower pain impact scores and lower fatigue scores.
Not all previous studies have reported such sanguine relationship outcomes [18] . In the present survey, nearly twothirds (61.1%) of respondents who cited that MS contributed to the end of a romantic relationship indicated that the healthy partner feared that having a partner with MS would become a burden. Additionally, our results indicate that as many as one-fifth of patients with MS are in relationships with partners who question their symptoms, believe they exaggerate their symptoms, or accuse them of being lazy or selfish. Almost two-thirds of participants believe that it is important to disclose an MS diagnosis very early in a romantic relationship even though many believe this information is somewhat likely to damage the relationship.
One hypothesis-generating finding of this study is that women were significantly less likely than men to report relationship satisfaction. The literature on the effects of gender on relationship satisfaction in the context of MS is sparse [5] . Information from a small qualitative study with the spouses of a person with MS suggests that role reversals and need for emotional support may contribute to gender differences in relationship satisfaction [19] . The caregiving husband and wives in this study believed 'the caregiver role was congruent for women and not for men'. Men and women approached caregiving differently: men took on the role of protector, whereas women advocated for their husbands and encouraged them to remain independent and involved. The men in this study provided tangible support to their wives with MS, taking responsibility for household chores, giving injections and accompanying their wives to appointments. The men responded with anger to the lack of understanding from friends and family, and at the environmental barriers their wives had to overcome. It would be interesting, in a future study, to examine how women with MS perceive this well-intended form of support, and to what extent this approach to caregiving fulfills their need for emotional support.
Relationship counseling might help couples to develop realistic expectations and healthy coping strategies. Participation in a relationship enrichment program developed by the National Multiple Sclerosis Society, called Relationship Matters, has been shown to increase relationship satisfaction and health-related quality of life 3 months after program completion [20] . At follow-up, 80% of program participants reported reduced relationship conflict and 81% said their ability to discuss MS challenges with their partner had improved. Qualitative research has highlighted factors that help and hinder coping as a couple and suggests that 'couple identity' can alleviate some of the stress of caregiving [21] . A growing body of literature emphasizes the need to develop and offer supportive services to the couple jointly [21] ; however, access to relationship and family counseling remains suboptimal [22] .
Parental illness can be a major source of stress and uncertainty for children, and unfortunately, research in this area is limited [23] . In the present study, 30.2% of respondents reported resentment from their children. As a parent's ability to perform certain tasks declines, family roles necessarily shift. Indeed, findings from one future science group www.futuremedicine.com qualitative study echo our results, with many children expressing resentment associated with the need to take on extra responsibility [24] . In other studies, children of parents with MS felt a greater sense of burden, anger and low life satisfaction compared with children with healthy parents because of their obligations [23] . However, disability theorists and researchers have pointed out that being a child of a chronically ill parent means growing up on a continuum that is at times oppressing and at other times empowering [25] . In the qualitative study referenced earlier, some children expressed pride in their family responsibilities [24] , and it is remarkable that in the present survey, nearly 70% of respondents do not feel resentment from their children. Studies of social support often categorize family/friends together, obscuring differences among these relationships. It is a strength of the present study that individuals with MS were asked to assess the impact of their disease on these types of relationship separately. Study participants generally perceived relationships with their close friends to be better than relationships with their romantic partners or children. Only 12.7% of respondents felt resentment from their friends about their inability to participate in activities, and more than half (59.7%) thought disclosing an MS diagnosis was unlikely to damage a new friendship. However, the free responses alluded to the isolation that some people feel when they cannot participate in activities with friends, and one in five respondents has avoided starting a new friendship because of MS. The free responses are consistent with qualitative studies of severely affected individuals, who report that friendship networks typically decrease as disease severity increases, but the desire for contact and understanding does not [6, 26] . Future research could be conducted to evaluate how disease severity affects the quality and quantity of friendships. It could be interesting to understand what individuals with MS expect of friends compared with partners, and how those expectations impact their perception of the relationships.
MS versus fibromyalgia
Comparing this study's sample to that of a previous study in adults diagnosed with fibromyalgia, the mean RAS score for participants with MS (3.9) was significantly higher than the mean RAS score for participants with fibromyalgia (3.7) [7] . Using the preassigned RAS categories, a significantly higher proportion of individuals were satisfied with their relationships within the MS sample than within the fibromyalgia sample. Significant differences were found between the two conditions on their spouse's or partner's level of understanding, for three of the four levels, illustrating that participants with MS perceived their spouse or partner to have a deeper and more positive level of understanding compared with participants with fibromyalgia. However, it should be noted that patients could not be matched in terms of demographic information and disease severity, which may affect findings.
Whereas a minority of participants from both samples had strongly negative perceptions of their relationship with their spouse or partner, participants with fibromyalgia were more likely to have negative perceptions than participants with MS. This trend continued for participants with fibromyalgia because they were more likely to have negative perceptions than those with MS in their relationships with their children, as well as relationships with close friends.
Study limitations
The study's sample size had an adequate level of statistical power; however, interpretation of these data was limited by design issues inherent with using convenience sampling. Individuals were recruited from MultipleSclerosis.net and the MultipleSclerosis.net Facebook page. Patients who opted to participate might not have been representative of typical community or MS patient samples. First, more women completed the survey than men and, although MS affects more women than men, this should be noted as a limitation. Second, patients may have been more likely to come from the less severe spectrum of the EDSS scale. Finally, patients recruited through these methods may have had increased knowledge about the progression, treatment and coping strategies of the disease, which may have influenced study results. More research needs to be done to determine whether study findings are consistent across patient populations recruited in other ways.
Convenience sampling in relapsing-remitting MS is particularly challenging because an individual's perception of the impact that MS has on his or her life may vary greatly depending on whether he or she is relapsing or in remission. In addition, relationship questions were not asked of non-MS patients to determine if the fatigue or pain levels reported by participants with MS are unique to this condition or might be seen in healthy individuals or those with other chronic illnesses.
Furthermore, because a majority of participants indicated that their MS began after their relationship started, research should study the effects longitudinally by including a wider representation of individuals whose MS began before a relationship started. A review of studies evaluating marital relationships among patients with chronic pain found that pain severity was generally not linked with marital satisfaction, anxiety and depression were linked with marital satisfaction, and treatment improved both psychological distress and marital satisfaction [27] .
Further research should also include investigations exploring sexual/intimacy issues, which were frequently mentioned in the free-response option and commonly reported as an issue in patients with MS. Also, patients with MS should be queried to determine if they have discussed important relationship problems with their healthcare providers. Finally, as these were patient self-reported data, further studies should collect relationship data from both patient and their loved ones.
Conclusion
The majority of individuals with MS have positive relationships with their romantic partners, children and close friends. More than half of individuals at all levels of disability and pain severity report being satisfied with their relationship with romantic partners, with the exception of a small dip among patients with moderate disability. Compared with patients with fibromyalgia, patients with MS were more likely to report relationship satisfaction and a more positive level of understanding from their partner.
Nevertheless, the free responses reveal the challenges faced by patients with MS in maintaining romantic and social relationships. Future research should focus on identifying the effective coping strategies used by satisfied couples and improving access to high-quality relationship-enrichment programs for couples with MS.
Future perspective
The authors of this manuscript would argue that there has been a greater focus on a more holistic approach to patient care, especially as many conditions are now considered chronic instead of life-threatening. This increased focus includes placing more emphasis on patient beliefs and perspectives, patient relationship dynamics and treatment options beyond traditional medicine. With regard to understanding patient relationship dynamics, patients should seek out relationship-enrichment programs, which may be in the form of self-educational units for patients, support groups or online forums. Physicians will need to be able to provide guidance and recommendations to the patient regarding access to high-quality relationship-enrichment programs. Our study begins to explore that need, and future research will help shape the recommendations physicians provide to patients regarding positive relationship-building between loved ones.
